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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a galvannealed steel sheet capable of producing 
excellent adhesion even in the case where baking finish is applied at low temp, after 
respective overlapping parts of mutual steel sheets are joined with an adhesive and also 
capable of manufacture at a low cost. 

SOLUTION: This steel sheet is a galvannealed steel sheet where a galvannealing layer of 7- 
20wt.% Fe content is formed at least on one side of the steel sheet. In the surface of the 
plating layer, a part where the ratio between AI203 concentration and ZnO concentration, 
[AI203/ZnO], exceeds 0.85 and a part where the above ratio, [AI203/ZnO], is below 0.85 are 
present as a mixture, and the average concentration of AI203 and the average concentration 
of ZnO are regulated to 5-50mol%, and 15-95mol%, respectively. Moreover, it is desirable 
that the ratio between the average concentration of AI203 and the average concentration of 
ZnO, [AI203/Zn0], is regulated to 0.05-1 .5. It is more desirable that the area ratio of a part, 
where AI203 concentration is 5-35mol% and ZnO concentration is 20-95mol%, comprising in 
the surface of the plating layer is regulated to 25-80%. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the alloying hot-dip zinc-coated carbon steel sheet with which the alloying hot-dip- 
zincing layer of a steel plate whose Fe content is 7 - 20 % of the weight at least at an one side side was 
formed. Said alloying hot-dip-zincing layer front face While the part and 0.85 or less part into which the 
ratio [aluminum203/ZnO] of 20aluminum3 concentration and ZnO concentration exceeds 0.85 are 
intermingled The alloying hot-dip zinc-coated carbon steel sheet with which the average concentration 
of aluminum 203 excelled [ average concentration / of 5-50 mol% and ZnO ] in the adhesive property 
characterized by 15-95-mol being %. 

[Claim 2] The alloying hot-dip zinc-coated carbon steel sheet excellent in the adhesive property 
according to claim 1 characterized by the ratios [aluminum203/ZnO] of the average concentration of 
aluminum 203 of an alloying hot-dip-zincing layer front face and the average concentration of ZnO 
being 0.05-1.5. 

[Claim 3] The alloying hot-dip zinc-coated carbon steel sheet excellent in the adhesive property 
according to claim 1 or 2 characterized by the rate of area which 20aluminum3 concentration is 5-35- 
mol% in an alloying hot-dip-zincing layer front face, and ZnO concentration occupies on the plating 
layer front face of a 20-95-mol the part it is [ part ] % being 25 - 80%. 

[Claim 4] The alloying hot-dip zinc-coated carbon steel sheet excellent in the adhesive property 
according to claim 1 or 2 characterized by the rate of area occupied on the plating layer front face of a 
part whose 20aluminum3 concentration is 5-35-mol% in an alloying hot-dip-zincing layer front face 
and, whose ZnO concentration is 20-95-mol%, whose ratios [aluminum203/ZnO] of 20aluminum3 
concentration and ZnO concentration are 0.05-0.85 being 25 - 80%. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the alloying hot-dip zinc- 
coated carbon steel sheet excellent in the adhesive property. 
[0002] 

[Description of the Prior Art] Since it excels in corrosion resistance, the alloying hot-dip zinc-coated 
carbon steel sheet is widely used as a surface treated steel sheet for automobile car bodies. In the 
assembly operation of the automobile car body which used such an alloying hot-dip zinc-coated carbon 
steel sheet, although spot welding has been used for junction of the piled-up alloying hot-dip zinc-coated 
carbon steel sheet of two sheets in the former, junction by adhesives has come to be performed instead 
of spot welding in recent years for the purpose of the improvement of reduction of the number of 
welding RBIs, corrosion resistance, vibration-deadening nature, etc., etc. The heat-curing mold 
adhesives generally hardened as adhesives for such junction in the printing process of the 
electrodeposition paint which is degree process are used. On the other hand, about the coating applied to 
an automobile car body etc., in order to plan cost reduction and to reduce C02 emissions from a 
viewpoint of the cure against earth environment, the electrodeposition paint of a low-temperature 
printing mold is developed, and the stoving temperature of a coating has low-temperature-ized 
conventionally by use of this low-temperature printing mold electrodeposition paint. However, if 
stoving temperature low-temperature-izes in this way, the problem that the adhesive property of the 
alloying hot-dip zinc-coated carbon steel sheet at the time of using adhesives is inferior compared with it 
of cold rolled sheet steel will arise. 

[0003] As an approach of solving such a problem and raising the adhesive property of an alloying hot- 
dip zinc-coated carbon steel sheet, for example, in a JP,4-131386,A official report aluminum or 
aluminum alloy -plating layer is formed in the upper layer of the hot-dip-zincing layer formed on the 
steel plate side. The technique which forms the Zn-Fe-aluminum system alloy-plating layer whose Fe 
content is 7 - 20 % of the weight on a steel plate side by performing alloying processing on it (It is 
hereafter called the conventional technique 1) Moreover, to JP,3-215685,A After forming Fe or Fe 
system alloy layer in the upper layer of the alloying hot-dip-zincing layer formed on the steel plate side, 
the technique (henceforth the conventional technique 2) which forms the enveloping layer of metals, 
such as Cu and nickel, or an alloy is indicated. Moreover, after removing the impurity or initial oxide 
which consists of aluminum 203 which contained in the JP,6-10156,A official report the phosphate 
currently generated by the thickness of about 5-20nm on the front face of the hot-dip-zincing layer 
formed on the steel plate side, a silicate, etc., or ZnO, the technique (henceforth the conventional 
technique 3) which carries out the reconstititution of the oxide layer which consists of aluminum 203 
and ZnO lnm or more of thickness is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the trouble **** following on the above- 
mentioned conventional technique. First, the conventional technique 1 forms aluminum or aluminum 
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alloy-plating layer in the upper layer of the hot-dip-zincing layer on a steel plate side, and since it is 
what performs alloying processing to after an appropriate time, the plating outermost layer serves as 
• aluminum system oxide film. For this reason, sufficient adhesive property is not acquired, and in high- 
melting, moreover, since electric conductivity is low, aluminum system oxide film has the fault of being 
inferior also to the continuation RBI nature in spot welding. Moreover, in order to make a plating layer 
into two-layer structure, a manufacturing cost is high and is not practical. 

[0005] Moreover, in order that the conventional technique 2 may also make a plating layer a three-tiered 
structure, a manufacturing cost is high and this is not practical, either. Furthermore, since the process 
which removes the impurity which exists in a hot-dip-zincing layer front face, and an initial oxide is 
required for the conventional technique 3, its manufacturing cost is high and it is not practical. [ of this ] 
Therefore, the trouble of the conventional technique which was mentioned above is solved, the adhesive 
property which was excellent even when paint printing was carried out at low temperature after joining 
the superposition section of steel plates with adhesives is acquired, and the purpose of this invention is 
to offer the alloying hot-dip zinc-coated carbon steel sheet which can moreover be manufactured to low 
cost. 
[0006] 

[Means for Solving the Problem] In joining an alloying hot-dip zinc-coated carbon steel sheet with 
adhesives, the exfoliation gestalt for a joint poses a problem with bond strength. As an exfoliation 
gestalt for a joint, three gestalten of the exfoliation (cohesive failure) inside adhesives, the exfoliation 
(interfacial peeling) by adhesives and the plating steel plate interface, and the destruction by the side of a 
plating steel plate can be considered. Among these, since the steel plate side is covered with adhesives, 
the exfoliation gestalt of corrosion resistance for a joint is good in the case of the cohesive failure inside 
adhesives. 

[0007] When the peel strength of adhesives / plating steel plate interface is low compared with the 
cohesive failure reinforcement inside adhesives, interfacial peeling happens. If such interfacial peeling 
happens, in order that sufficient bond strength may no longer be obtained and a metal may expose a 
stripped plane, the problem of corrosion resistance deteriorating will arise. This interfacial peeling tends 
to happen compared with cold rolled sheet steel, therefore an adhesive property is inferior in an alloying 
hot-dip zinc-coated carbon steel sheet. Since the cohesive failure reinforcement of adhesives is 
influenced by the property of the adhesives itself, it is improvable by selecting adhesives, but since 
interface destruction is influenced by the property of a plating steel plate front face, the improvement 
from a plating steel plate side is needed. If the peel strength of adhesives / plating steel plate interface 
and the cohesive failure reinforcement of adhesives are higher than the disruptive strength of the plating 
layer / ferrite interface of an alloying hot-dip zinc-coated carbon steel sheet on the other hand when 
adhesives with high bond strength level are used, the destruction by the side of a steel plate will arise. 
However, the destruction by the side of such a steel plate is a problem inside an alloying hot-dip zinc- 
coated carbon steel sheet (a ferrite, or a plating layer / ferrite interface), or is the problem of adhesives 
selection, and since it is not the problem of the description of a plating steel plate front face, it is outside 
the object of this invention as a technical problem. 

[0008] this invention persons considered relation between the gestalt (a presentation and description) of 
the plating layer front face of an alloying hot-dip zinc-coated carbon steel sheet, and an adhesive 
property (adhesive property related to said interfacial peeling), consequently acquired the following 
knowledge. Heat-treatment for alloying is performed and a common alloying hot-dip zinc-coated carbon 
steel sheet is manufactured by subsequently carrying out temper rolling, after being immersed in the zinc 
bath containing fused aluminum. Thus, the manufactured alloying hot-dip zinc-coated carbon steel sheet 
has the pure plating front face where aluminum oxide (aluminum 203) and Zn oxide (ZnO), and Metals 
Zn and Fe exist except for C which adheres by contamination. The part in which the thickness of an 
oxide is as thin as less than 2nm, there are comparatively many metals Zn and Fe, and this plating front 
face exists while the abundance ratio (aluminum203/ZnO) of aluminum203 and ZnO exceeds 0.85 to 
that part and a part with the as thick thickness of an oxide as about 2-40nm exists exists at about 25 - 
80% of a rate to a whole surface product. 
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[0009] Why the thickness of the oxide on the front face of plating is uneven as mentioned above Since 
an alloying rate changes with parts of a steel plate, if an ununiformity arises in plating thickness and 
temper rolling is performed to this in the alloying process of iron and zinc by alloying processing Since 
the distraction of the oxide is carried out in the part (this part is hereafter called "part for the height" on 
the facilities of explanation) from which a plating layer is thick and serves as convex, that thickness 
becomes thin. In the part (this part is hereafter called "concave part" on the facilities of explanation) 
from which the thickness of a plating layer is thin and serves as a concave on the other hand, since the 
distraction of the oxide is seldom carried out, it is because a thick oxide remains. Moreover, compared 
with a part for the height, the above-mentioned concave part has large surface roughness, and usually 
has the surface roughness which is about 0.5-2.5 micrometers of Ra. 

[0010] The following facts became clear as a result of advancing research further based on such a fact. 

(1) If the adhesive property of an alloying hot-dip zinc-coated carbon steel sheet is greatly governed by 
the presentation, the concentration especially 20aluminum3 concentration, and ZnO concentration of an 
oxide of a plating layer front face and aluminum 203 exists in a plating layer front face mostly, an 
adhesive property will deteriorate, and on the other hand, if ZnO exists mostly, an adhesive property will 
improve conversely. Therefore, if 20aluminum3 concentration of a plating layer front face is reduced 
fundamentally and ZnO concentration is increased in one side, the adhesive property of an alloying hot- 
dip zinc-coated carbon steel sheet will improve. 

(2) Although a part for the height with the thin thickness of an oxide and the concave part which 
20aluminum3 concentration is high and the oxide generated thickly are shown in the general plating 
layer front face of an alloying hot-dip zinc-coated carbon steel sheet as mentioned above Among these, 
an oxide is able to control a presentation and concentration of an oxide from the first about a part for the 
thin height also with 20aluminum3 low concentration. And since this part occupies about 25 - 80% at 
the rate of area to a plating layer front face, it can improve an adhesive property effectively by 
controlling the oxide presentation and concentration for this height, and reducing 20aluminum3 
concentration, and increasing ZnO concentration. 

[001 1] (3) On the other hand, although presentation of an oxide and control of concentration can hardly 
be performed about the concave part in which the oxide exists thickly from the first, compared with a 
part for the height, this concave part has large surface roughness, and can expect the adhesive 
improvement using this surface roughness. That is, since adhesives will turn to the uneven part of the 
split face on the front face of plating if the surface roughness of a plating layer is large, an effectual 
adhesion area becomes high, and this contributes to adhesive improvement. The configuration by which 
this invention was made based on the above knowledge, and it is characterized [ the ] is as follows. 
[0012] (1) It is the alloying hot-dip zinc-coated carbon steel sheet with which the alloying hot-dip- 
zincing layer of a steel plate whose Fe content is 7 - 20 % of the weight at least at an one side side was 
formed. While the part and 0.85 or less part into which the ratio [aluminum203/ZnO] of 20aluminum3 
concentration and ZnO concentration exceeds 0.85 are intermingled, said alloying hot-dip-zincing layer 
front face The alloying hot-dip zinc-coated carbon steel sheet with which the average concentration of 
aluminum 203 excelled [ average concentration / of 5-50 mol% and ZnO ] in the adhesive property 
characterized by 15-95-mol being %. 

(2) The alloying hot-dip zinc-coated carbon steel sheet which was excellent in the adhesive property 
characterized by the ratios [aluminum203/ZnO] of the average concentration of aluminum 203 of an 
alloying hot-dip-zincing layer front face and the average concentration of ZnO being 0.05-1 .5 in the 
alloying hot-dip zinc-coated carbon steel sheet of the above (1). 

[0013] (3) the above (1) or the alloying hot-dip zinc-coated carbon steel sheet of (2) — setting — an 
alloying hot-dip-zincing layer front face - setting - aluminum203 concentration - 5 - 35-mol% ~ and 
the alloying hot-dip zinc-coated carbon steel sheet excellent in the adhesive property characterized by 
the rate of area which ZnO concentration occupies on the plating layer front face of a 20 - 95-mol the 
part it is [ part ]% being 25 - 80%. 

(4) the above (1) or the alloying hot-dip zinc-coated carbon steel sheet of (2) - setting — an alloying hot- 
dip-zincing layer front face - setting - aluminum203 concentration - 5 - 35-mol% — and the alloying 
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hot-dip zinc-coated carbon steel sheet excellent in the adhesive property characterized by the rate of area 
occupied on the plating layer front face of a part whose ZnO concentration is 20 - 95-mol%, and whose 
ratios [aluminum203/ZnO] of aluminum203 concentration and ZnO concentration are 0.05-0.85 being 
25 - 80%. 
[0014] 

[Embodiment of the Invention] Hereafter, the detail and the reason for limitation of this invention are 
explained. After an alloying hot-dip zinc-coated carbon steel sheet gives hot dip zincing to a material 
steel plate in this invention, it is the steel plate of a steel plate which made the alloying hot-dip-zincing 
layer form in an one side side at least by performing alloying processing. In addition, one sort of 
elements, such as B, C, P, Mg, Mn, Ti, Si, Sb, Bi, Pb, and W, or two sorts or more may be made to 
contain in an alloying hot-dip-zincing layer for the purpose of corrosion resistance or other improvement 
in the engine performance. The part into which, as for an alloying hot-dip-zincing layer front face, the 
ratio [aluminum203/ZnO] of 20aluminum3 concentration and ZnO concentration exceeds 0.85, i.e., a 
part with aluminum203 very high concentration, 0.85 or less part is intermingled by the ratio 
[aluminum203/ZnO] of 20aluminum3 concentration and ZnO concentration. Among these, it is 
equivalent to the concave part which the part into which the ratio [aluminum203/ZnO] of 20aiuminum3 
concentration and ZnO concentration exceeds 0.85 mentioned above, and equivalent to a part for the 
height which the other part (a ratio [aluminum203/ZnO] is 0.85 or less part) mentioned above. Usually, 
the amount of this height occupies about 25 - 80% at the rate of area in a plating layer front face. 
[001 5] By this invention, in order to raise the ZnO concentration in a part for the above-mentioned 
height and to reduce 20aluminum3 concentration, the minimum of the average concentration of 50- 
mol% and ZnO is specified for the upper limit of the average concentration of aluminum 203 in a 
plating layer front face as 15-mol%. Since 20aluminum3 concentration in a part for the above- 
mentioned height is too high when the average concentration of aluminum 203 of a plating layer front 
face exceeds 50-mol%, the improvement effect of the adhesive strength in the adhesives / plating layer 
interface by reduction- izing of 20aluminum3 concentration is not fully acquired, but an adhesive 
property is inferior. Similarly, less than [ 15mol% ], since ZnO concentration [ in / in the average 
concentration of ZnO of a plating layer front face / a part for the above-mentioned height ] is inadequate, 
the improvement effect of the adhesive strength between the adhesives / plating layer interface by ZnO 
is not fully acquired, but an adhesive property is inferior also in this case. Thus, an adhesive property 
falls by existence of aluminum 203 in a plating layer front face, and although the reason whose adhesive 
property improves by existence of ZnO in one side is not necessarily clear, it is thought that chemical 
bond force, such as hydrogen bond force of adhesives / plating layer interface and intermolecular force, 
has influenced. 

[0016] On the other hand, in alloying hot dip zincing, since aluminum added in the plating layer in order 
to control Fe content in a plating layer condenses as an oxide on a front face, it cannot perform 
controlling 20aluminum3 concentration of a plating layer front face less than [ 5mol% ], and controlling 
ZnO concentration in the range of 95mol% ** as a matter of fact. In this invention, the average 
concentration of 5-50-mol% and ZnO is limited for the average concentration of aluminum 203 of an 
alloying hot-dip-zincing layer front face to the 15-95-mol range of % from the above reason, 
respectively. 

[0017] As mentioned above, the concave part (part into which the ratio [aluminum203/ZnO] of 
20aluminum3 concentration and ZnO concentration exceeds 0.85) with 20aluminum3 very high 
concentration exists in the alloying hot-dip-zincing layer front face, and since 20aluminum3 
concentration also has [ that it exists unescapable ] an expensive oxide with this part thick from the first, 
the presentation of an oxide like a concave part and the control of concentration which were mentioned 
above can hardly be performed. However, this concave part has large surface roughness compared with 
a part for the height, and the adhesive improvement operation by this surface roughness is acquired. That 
is, since adhesives will turn to the uneven part of the split face on the front face of plating if the surface 
roughness of a plating layer is large, an effectual adhesion area becomes high, and this contributes to 
adhesive improvement. Therefore, in the alloying hot-dip zinc-coated carbon steel sheet of this 
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invention, even if the concave part with such 20aluminum3 very high concentration exists in the plating 
layer front face, an adhesive property high as a whole is securable. 

[0018] Moreover, in this invention, an adhesive property can be made still better by making the ratio 
[aluminum203/ZnO] of the average concentration of aluminum 203, and the average concentration of 
ZnO into the range of 0.05-1.5. By 1.5 **, considering the viewpoint of raising an adhesive property 
more, the rate of an abundance ratio of ZnO which has the operation which raises an adhesive property 
to aluminum 203 which checks an adhesive property becomes inadequate relatively, and, as for the 
more excellent adhesive property, the ratio [aluminum203/ZnO] of the average concentration of 
aluminum 203 and the average concentration of ZnO is not obtained. On the other hand, since 
aluminum 203 exists in a plating layer front face unescapable including the above-mentioned concave 
part, it cannot perform making the ratio [aluminum203/ZnO] of the average concentration of aluminum 
203, and the average concentration of ZnO less than into 0.05 as a matter of fact. 
[0019] Furthermore, in order to acquire the outstanding adhesive property, it is desirable to control still 
more preferably 20aluminum3 concentration and ZnO concentration of a plating layer front face in the 
gestalt of the following ** at the gestalt of the following ** in addition to the conditions mentioned 
above. 

** In an alloying hot-dip-zincing layer front face In a being [ the rate of area which 20aluminum3 
concentration is 5-35 mol%, and ZnO concentration occupies on the plating layer front face of a 20-95 
mol the part it is / part / % / 25 - 80% ] ** alloying hot-dip-zincing layer front face 20aluminum3 
concentration - 5-35-mol% - thing [0020 [ and ] whose rate of area occupied on the plating layer front 
face of a part whose ZnO concentration is 20-95-mol%, and whose ratios [aluminum203/ZnO] of 
20aluminum3 concentration and ZnO concentration are 0.05-0.85 is 25 - 80% - ] These **s and ** 
specify the more desirable gestalt for the height described previously, and specify reduction-izing of the 
20aluminum3 concentration, and reservation of ZnO concentration about a part for the height which 
occupies 25 - 80% at the rate of area of the average concentration of aluminum 203 of the whole steel 
plate side, and not only the average concentration of ZnO but an alloying hot-dip-zincing layer front 
face mentioned above. Since there are too few rates of surface ratio for the height the rate of area which 
the above-mentioned ** and ** specify is 201ow aluminum3 concentration, and is [ for ] high ZnO 
concentration at less than 25%, the improvement effect of the adhesive strength according a part for the 
height to low aluminum203 concentration-ization and forming high ZnO concentration becomes 
inadequate, and the more excellent adhesive property is not acquired. Also as for the rate of area which 
specifies the rate of area occupied on the other hand on the plating layer front face for the height which 
can control a presentation and concentration of an oxide by the above-mentioned ** and ** since 80% is 
an upper limit, 80% serves as an upper limit inevitably. 

[0021] Moreover, when 20aluminum3 concentration for the height exceeds 35-mol%, the improvement 
effect of the adhesive strength in the adhesives / plating layer interface by reduction-izing of 
20aluminum3 concentration is not fully acquired, but an adhesive property is inferior. Similarly, less 
than [ 20mol% ], the improvement effect of the adhesive strength between adhesives / plating layer 
interface according [ the ZnO concentration for the height ] to ZnO is not fully acquired, but an adhesive 
property is inferior also in this case. On the other hand, about the minimum of 20aluminum3 
concentration, and the upper limit of ZnO concentration, as stated previously, 20aluminum3 surface 
concentration cannot be controlled less than [ 5mol% ], and ZnO concentration cannot be controlled by 
alloying hot dip zincing in the range of 95mol% **. 

[0022] Furthermore, the improvement effect superior to adhesive one is expectable by being contingent 
[ on the ratios [aluminum203/ZnO] of 20aluminum3 concentration and ZnO concentration being 0.05- 
0.85 like the above-mentioned ** ]. If the ratio [aluminum203/ZnO] of 20aluminum3 concentration 
and ZnO concentration exceeds 0.85, considering the viewpoint of raising an adhesive property more, 
the rate of an abundance ratio of ZnO which has the operation which raises an adhesive property to 
aluminum 203 which checks an adhesive property will become inadequate relatively, and the more 
excellent adhesive property will not be acquired. On the other hand, since aluminum 203 exists 
unescapable also in a part for the height, it cannot perform making the ratio [aluminum203/ZnO] of 
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20aluminum3 concentration and ZnO concentration less than into 0.05 as a matter of fact. 
[0023] Fe content of the plating layer of the alloying hot-dip zinc-coated carbon steel sheet of this 
invention is made into 7 - 20 % of the weight. Si nce a pure zinc layer (eta phase) rema ins [ the iron 
content in a plating layer ] on a plating layer front face at less than 7 % of the weight, as a result of the 
flaking of a plating layer arising at the time of press forming and coefficient of friction's rising, press- 
forming nature deteriorates. On the other hand, if Fe content in a plating layer exceeds 20 % of the 
weight, in order that gamma phase weak against a steel plate / plating layer interface may generate, at 
the time of press forming, a plating layer becomes easy to exfoliate and powdering-proof nature 
deteriorates. As for the coating weight of an alloying hot-dip-zincing layer, it is desirable to consider as 
the range of 20 - 120 g/m2. Corrosion resistance with coating weight sufficient by less than two 20 g/m 
is not acquired, but on the other hand, if coating weight exceeds 120 g/m2, workability, weldability, etc. 
will deteriorate. 

[0024] Various methods of acquiring the presentation (20aluminum3 concentration and ZnO 
concentration) of an alloying hot-dip-zincing layer front face which this invention specifies have the 
approach idea ** carry out immersion processing of the alloying hot-dip zinc-coated carbon steel sheet 
into an oxidizing solution as a typical approach, the approach of cathode-electroly zing or anode plate 
electrolysis processing an alloying hot-dip zinc-coated carbon steel sheet, and a method of heating an 
alloying hot-dip zinc-coated carbon steel sheet under specific conditions. Among these, the processing 
liquid (water solution) which carried out 0.1-50 g/1 extent addition of one sort chosen in an alloying hot- 
dip zinc-coated carbon steel sheet from oxidizers, such as a hydrogen peroxide, a chloric acid, a bromic 
acid, potassium permanganate, and nitrite ion, or the two sorts or more in total is made immersed, and 
an oxide is made to form in a plating layer front face by the approach immersed into an oxidizing 
solution in an alloying hot-dip zinc-coated carbon steel sheet. Under the present circumstances, since the 
amount of oxides formed in a plating layer front face is substantially decided by the concentration of an 
oxidizer, immersion time amount to processing liquid, etc., it controls these according to the amount of 
oxides which should be made to form. 

[0025] moreover ~ the approach according an alloying hot-dip zinc-coated carbon steel sheet to heating 
- an alloying hot-dip zinc-coated carbon steel sheet - an atmospheric-air ambient atmosphere or 
oxygen, and ozone — more than 20vol% - it heats in the included gas and a desired oxide is made to 
form in a plating layer front face A temperature requirement which the alloying reaction of a plating 
layer and a plating steel plate base does not advance too much, and oxidation of a plating layer front face 
promotes as heating conditions in this case is desirable, and whenever [ stoving temperature / of the 
range / of 350-400 degrees C ] is recommended from such a viewpoint. Moreover, since the amount of 
oxides formed in a plating layer front face is substantially decided by oxygen (or ozone) concentration in 
heating time and a heating ambient atmosphere etc. whenever [ stoving temperature ], it controls these 
according to the amount of oxides which should be made to form. 

[0026] Moreover, the presentation of an alloying hot-dip-zincing layer front face made into the purpose 
is acquired also by using together two approaches described above. In addition, as for aluminum content 
under galvanization bath at the time of carrying out hot dip zincing to a steel plate, it is desirable to 
consider as 0.05 - 0.3 % of the weight, aluminum content under plating bath cannot alloy to 
homogeneity by ** less than 0.05 % of the weight or 0.3% of the weight, but corrosion resistance, press- 
forming nature, etc. deteriorate. 

[0027] In addition, although especially the approach for measuring 20aluminum3 concentration and 
ZnO concentration of an alloying hot-dip-zincing layer front face which this invention specifies is not 
limited, such concentration can be measured using X-ray photoelectron spectroscopy (XPS), Auger 
electron spectroscopy (AES), secondary ion mass spectrometry (SIMS), etc. For example, in measuring 
by AES, after removing the contamination layer adhering to a front face by Ar ion sputtering, the 
spectrum of each element which should be measured is measured. Peak resolution of the spectrum of 
measured aluminum is carried out to the component of aluminum which exists as an oxide, and the 
component of aluminum which exists as a metal, and peak resolution of the spectrum of measured Zn is 
similarly carried out to the component of Zn which exists as an oxide, and the component of Zn which 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/17/07 



JP, 10-204600, A [DETAILED DESCRIPTION] 



Page 7 of 13 



exists as a metal. Relative sensibility factor amendment is performed about the reinforcement of these 
spectrums, and it asks for the concentration of aluminum203 and ZnO which exists in a plating layer 
front face. Moreover, field analysis of the field where aluminum203 and ZnO exist by specific 
concentration according to AES comparatively (rate of area) is performed, and it asks by measuring 
distribution of each oxide. 
[0028] 

[Example] In hot-dip-zincing Rhine, hot dip zincing and alloying processing were performed to the low 
carbon aluminum-killed-steel plate of 0.8mm of board thickness on the following conditions, and the 
alloying hot-dip zinc-coated carbon steel sheet was manufactured. 

Pl ating-bath presentation: aluminum:0. 1-0.2% of the weigh t, it heated in the remainder:Zn plating bath 
temperature :460 degree-C alloying condition:450-600 degree C temperature requirement, and heating 
time was adjusted so that Fe content of a plating layer might serve as a predetermined value. 
Temper rolling was performed in the range of 5% or less of rates of the distraction using the lab rolling 
mill to some of these alloying hot-dip zinc-coated carbon steel sheets. In addition, temper rolling was 
not performed about No. 12, No. 17, No. 19, and No.42-No.47. Subsequently, 350-400-degree C heat- 
treatment or immersion processing to an oxidizer solution was performed into atmospheric air, and 
adjustment of 20aluminum3 concentration of a plating layer front face and ZnO concentration was . 
performed. Moreover, about No.3 1 which are an example of a comparison, and No.32, after carrying out 
tem per rolling , in order to remove the oxide on the front face of plating, immersion processing to an 
a lkali s olution was performed, and it heated at 300 degrees C in the ambient atmosphere containing 
oxygen after an appropriate time. 

[0029] Thus, about each obtained test specimen, while measuring aluminum203 of a plating layer front 
face, and the concentration of ZnO, measurement of bond strength and adhesive evaluation based on the 
measured value were performed. The result is shown in Table 1 - 5 with a presentation and 
concentration of the amount of plating of each test specimen, Fe content of a plating layer, and a plating 
layer front face. In addition, measurement of 20aluminum3 concentration of a plating layer front face 
and ZnO concentration, measurement of bond strength, and adhesive evaluation were performed by [ as 
being the following ]. 

[0030] (1) After Ar ion removed the contamination layer which adhered to the front face by the 
measurement AES of 20aluminum3 concentration of a plating layer front face, and ZnO concentration 
by sputtering for 0.5 minutes, the spectrum of each element which should be measured was measured. 
Peak resolution of the spectrum of measured aluminum was carried out to the component of aluminum 
which exists as an oxide, and the component of aluminum which exists as a metal, and peak resolution 
of the spectrum of measured Zn was similarly carried out to the component of Zn which exists as an 
oxide, and the component of Zn which exists as a metal. After performing relative sensibility factor 
amendment about the reinforcement of these spectrums, it asked for aluminum203 in a plating layer 
front face, and the concentration of ZnO except for C and Ar resulting from the contamination seen 
slightly. In addition, the sputtering rate was 4.5 nm/min, using Si02 thin film as a standard sample of a 
sputtering rate. Moreover, the rate of area of the field where aluminum203 and ZnO exist by specific 
concentration scanned the plating front face with the electron beam by which the beam diameter was 
extracted to 0.5mm in AES, and asked for it by measuring distribution of each oxide. 
[003 1] (2) As shown in measurement drawing 1 of bond strength, the specimen to which it joined the 
test specimen (size: 200mmx25mm) of two sheets by minding a 0.15mm spacer among both test 
specimens as adhesives thickness was set to 0.15mm was created, and printing for 150 degree-Cx 10 
minutes was performed to this specimen. About the specimen after this printing, both the test specimens 
that constitute this were pulled at the rate of 200 mm/min using the tension tester, and the average peel 
strength at the time of both test specimens exfoliating was measured. In addition, adhesives used 
ADOHISHIBU for hemming of a vinyl-chloride-resin system. Thus, based on the measured average 
peel strength, the adhesive property was evaluated as follows. 

O : the average peel strength at the time of exfoliation is 3.0kgf(s) / less than 25mm [0032]. : the average 
peel strength at the time of exfoliation is 7.0kgf(s)/more than 25mmO. : For the average peel strength at 
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the time of 5.0kgf(s) / 25mm or more, and 7.0kgf / less than 25mmO-:exfoliation, the average peel 
strength at the time of 4.5kgf(s) / 25mm or more, and 5.0kgf / less than 25mm** :exfoliation is [ the 
average peel strength at the time of exfoliation ] 3.0kgf(s) / 25mm or more, and 4.5kgf / less than 
[ 25mm ] x. According to Table 1 -. 5, No. 1 -No. 13 which are an example of this invention, and the 
adhesive property which was excellent in No.23-No.41 are acquired. Moreover, the ratios 
[aluminum203/ZnO] of the average concentration of aluminum 203 of a plating layer front face and the 
average concentration of ZnO are 0.05-1 .5 also in these examples of this invention. Furthermore in a 
plating layer front face, 20aluminum3 concentration is 5-35-mol%, and ZnO concentration is 20-95- 
mol%. The adhesive property which was excellent in No. 1 -No. 10 whose rate of area of the part whose 
ratios [aluminum203/ZnO] of 20aluminum3 concentration and ZnO concentration are 0.05-0.85 is 25 - 
80%, and especially No.23-No.38 is acquired. On the other hand, each of each examples of a 
comparison with which 20aluminum3 concentration and ZnO concentration of a plating layer front face 
are not satisfied of this invention conditions is inferior in the adhesive property. 
[0033] 
[Table 1] 



http ://www4. ipdl .ncipi . go.jp/cgi-bin/tran_web_cgi_ejj e 



3/17/07 



JP, 10-204600, A [DETAILED DESCRIPTION] 



Page 9 of 13 



#3 



ft 



i§ 



o 

CO 



O 



CO 



CM 



X 



CO 



CD 



@ 



o 



oo 



CO 



O 



# $ & $ 



IB 
* 

IS 



40 
ft 

© 

CO 



r — i 
O 

C2 

eo 
\ 
m 
O 



<: 
i — i 

Q 



CO 

AJ 



is £ 
ft e 
ii n 



ft 

e 

K> 



O 



CO 



03 O 

O co 

I — I =ft 

a m 

6 3 

AJ 



!: is 

a K? 
S ft 



- 

O 



CO 

J6 IS 



*3 *> 



CO «S 



m & « m u « 

w ^ kJ co wo 

O e> ^ O O 

^ ^ ^ ~ M 

<C co < <C ^ 



^ 311" 



>< N 



rt N « X 1 U> 
# # * * » 



[0034] 
[Table 2] 
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[Table 4] 
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[0037] 

[Effect of the Invention] It can become [ in / since the adhesive property which was excellent even when 
paint printing was carried out at low temperature after the alloying hot-dip zinc-coated carbon steel sheet 
of this invention joins the superposition section of steel plates with adhesives, as stated above is shown, 
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and.it is not necessary to prepare the plating layer more than two-layer like the conventional technique 
moreover, or to perform removal processing of an oxide, manufacture to low cost, can carry out things, 
and / an automotive application etc. / especially this sake / . ] to a very useful material steel plate on 
industry. 



[Translation done.] 
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